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FOREWORD 


This  technical  report  was  prepared  under  Contract  No.  AF  OU(6ll)-lll4l9 
as  partial  fulfillment  of  the  requirements  of  Project  3UlS  of  the  Air  Force 
Rocket  Propulsion  Laboratory,  Research  and  Technology  Division,  Air  Force 
Systems  Command,  Edwards,  California.  The  work  reported  was  done  in  the 
Chemical  $nd  Physical  Sciences  Section  of  the  Aerojet-Qeneral  Corporation, 
Sacramento,  California,  This  report  was  designated  Aerojet-General  Corporation 
Report  1030-B2Q-8  and  covers  the  results  of  work  done  during  the  interval 
lh  December  1967  to  13  March  1968,  The  project  was  a  follow-on  to  the  project 
completed  under  Contract  AF  0i|(6ll)-10386,  the  results  of  which  are  reported 
in  Report  No.  AFRPL-TR~664jQ.  Phases  One  to  Three  of  this  program  have  been 
completed  and  the  reaulte  (including  Phase  Four  results)  are  reported  in 
AFRPL-Tfl-67-158.  This  document  reports  on  Phases  Four  and  Five.  This  project 
was  monitored  by  Mr.  Robert  Corley. 
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ABSTRACT 


Tho  study  of  saturated  prepolymere  as  propellant  binder  ingredients 
was  centered  predominantly  on  partially  (50**6o^)  aaturatod  prepolymers •  The 
partially  saturated  propellants  showed  a  threefold  improvement  of  properties 
at  -7£#F.  Tho  type  of  crosslinker,  CTI,  QTRO,  or  WT-2U0,  did  not  affect,  the 
properties  in  a  major  fashion.  The  study  of  the  LHT-2hO  which  improved  the 
low  temperature  properties  of  partially  saturated  propellants  made  on  an  ,pv>.D 
program  is  continuing.  Because  more  emphasis  was  being  placed  pr.  partially 
saturated  prepolymors,  the  oxidative  surface  hardening  of  binders  made  with 
saturated,  oartially  saturated,  and  uneaturated  prepolymers  was  investigated. 
The  saturated  binders  showed  no  surfaoe  hardening  after  ei#it  weeks  at  80°  3. 
Initially,  the  partially  saturated  binder  hardened  more  rapidly  than  the  iih- 
saturated  one,  but  the  difference  decreased  with  time.  After  eight  weeks  the 
uneaturated  binder  was  hardening  more  rapidly.  Propellant  stability  was 
greatly  improved  by  a  copper  (II)  additive  and  the  feasibility  of  isocyanate  * 
oured  propellants  for  very  high  temperature  Use  was  demonstrated. 

The  use  of  blocked  isocyanates  as  cure  agents  for  propellants  with 
advanoed  oxidizers  was  studied  in  modal  systems.  Carbamates  whioh  dissociate 
at  60° C  to  produce  isocyanate  were  tested  in  the  presence  of  oxidizers.  Tin 
oatalyato  help  and  oxidizers  inhibit  the  eure  reaction.  Carbamates  with  dis- 
oooiation  temperatures  of  30°  to  U0°C  are  desirable. 
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THE  DEVELOPMENT  AND  EVALUATION  OF  A  HYDROCARBON  BINDER 
FOR  HIGH  ENERGY  SOLID  FROPELLANTS 


I.  INTRODUCTION 


This  is  the  eighth  Quarterly  Te<  hnical  Report  submitted  in  partial 
fulfillment  of  the  requirements  of  Contract  AF  OU(6il )-llUl9.  The  report 
covers  the  period  lh  December  1967  through  13  March  I960. 

II .  OBJECTIVE 

The  objective  of  this  program  is  to  further  develop  and  evaluate  a 
solid  propellant  binder  system  specifically  to  meet  the  most  rigid  demands  of 
advunoed  high  performance  aolAd  rooket  motors.  The  solid  propellant  binder 
system  consists  of  an  isocyanate -cured,  hydrocarbon  prepolymer  developed  and 
evaluated  under  Contract  AF  0I4 (6 11) -103 86.  Further  development  and  evaluation 
will  involve  use  of  partially  saturated  pre polymers,  propellant  optimization, 
testing  of  ouratives  for  room  temperature  curse,  replacing  CTI,  attaining 
better  low  temporature  properties,  determining  the  uffect  of  burning  rate 
modifiers,  adaptation  to  an  advanced  oxidizer,  and  a  study  of  environmental 
etability. 

Ill*  SUMMARY 


A,  The  antioxidant  oontent  of  prepolymers  used  for  binder  stability 
studies  was  determined.  The  related  Prepolymere  2U2AM-169,  3HPL-123,  end 
3HPL-125  had  0.1$  antioxidant,  while  the  related  Prepolymers  2U2AM-175B  and 
3HPL-90  had  0.06  and  O.OltJl,  reepaotively. 

B,  Mob ay  E-2U6  was  separated  into  solid  and  liquid  phases  by  cooling 
While  each  phaee  had  the  same  equivalent  weight,  the  solid  phase  was  higher 

in  molecular  weight  end  functionality. 

C,  PAPI  wae  also  fraotionated  by  a  90  to  10  ratio  of  hexane  end 
toluene.  The  soluble  fraction  was  straw-colored  and  its  infrared  spectrum 
was  similar  to  that  of  E-2U6, 

D,  A  propellant  prepared  with  a  difunctional  prepolymer  obtained  by 
chromatographing  Prepolymer  159H  had  the  properties,  c  -  231  pai,  «,  •  7.U&, 
and  E  •  3620  pel,  at  77®F  and  a#  •  966  pei,  -  3.6$,  and  E  •  37300  pet  at 
~75°F.  A  valid  comparison  with  propellants  made  with  Prepolymer  159H  was  not 
possible  because  of  the  very  high  modulus  of  the  propellant  mads  with  the 
difunctional  prtpolymer, 

E,  The  uneaturated  prepolymer,  Lot  2li2AM-lU8A,  the  precursor  of  the 
saturated  prepolymer,  2U2AM-1u8AH,  studisd  extensively  at  Aerojet  and  at  Esso, 
was  "ihromatographed  on  silica  gtl.  Ths  unsaturatsd  prepolymer  contained  30$ 


monoi'unctlonal  material  and  no  appreciable  nonfunctional  material.  This  indi- 
«*«*•*-.*._  V  aw  ftl  »NW*  rvO  *imwa  **  mfiifi  rtnH  na  t.hft  maniif  Actnra  n f 

the  unaaturated  prepo.lymer  and  that  nonfunctional  material  is  formed  during 
the  hydrogenation  process. 

F,  Room  temperature  cures  were  obtained  with  Telagen  S  binder  with 
CTI  and  OTRO  as  crosslinkers.  Mobay  E-2U6  is  a  candidate  orosslinker  for  re¬ 
placement  of  CTI.  Propellant  crosalinkad  with  Mobay' s  E-2U6  and  containing  a 
curing  syjtem  which  ensures  long  potlifa  gave  good  mechanical  properties  at 
77*  and  -7i>°F.  The  cure  system  using  curative  developed  on  an  IR&D  program  to 
increase  potlifa  has  besn  demonstrated  to  be  effective  with  the  hydrocarbon 
pre polymers  used  on  this  program. 

G.  No  improvement  in  mechanical  properties  was  obtained  whsn  the 
bonding  agent  0-1  was  replaced  by  TEPAN  in  a  propellant  containing  a  partially 
hydrogenated  prepolymer.  Increasing  the  amount  of  C-l  from  0.1  to  0.3  wtjl 
improved  the  low  temperature  properties  of  partially  saturated  hydrocarbon 
propellant. 

H*  Propellant  properties  of  the  last  three  prepolymers  received  from 
The  General  Tire  end  Rubber  Company  continue  to  substantiate  the  fact  that  the 
low  temperature  properties  ere  a  funotion  of  the  degree  of  unseturetlon  of  the 
prepoly:«er.  The  polyethor  triol,  IKT-2U0,  wee  used  in  plaoe  of  CTI  in  satu¬ 
rated,  end  partially  saturated  hydrooarbon  propellants,  but  no  improvement  in 
low  temperature  properties  was  observed.  Further  propellant  changes  ere  being 
introduced  to  approaoh  propellants  similar  to  those  prepared  in  an  1R&D  pro¬ 
tram  and  whloh  showed  very  goou  low  temperature  properties. 

I.  Studies  of  effeot  of  saturation  on  oxidative  stability  were  con¬ 
tinued  into  the  eighth  week.  The  surfaoe  hardening  of  partially  aaturated 
and  unaaturated  binders  waa  becoming  more  nearly  alike.  Although  initially 
the  partially  aaturated  ones  hardened  more  rapidly,  the  uneaturated  birders 
now  show  a  more  rapid  rats  of  surfaoe  hardening.  Further  studies  have  been 
initiated,  and  propellant  studias  ars  in  progrsss. 

J.  Stabilised  propellants  were  aged  for  2  weeks  at  lflO°F  and  5c£ 
relative  humidity.  A  oopper  additive  wee  a  promising  stabilisar.  Hydrooarbon, 
ieocysnate -cured  propellents  were  exposed  to  350°F  for  2  hours.  The  main  sffaot 
waa  hardening.  Propellants  containing  a  oopper  additive  fared  best  in  this 
test.  ..These  results  are  eoneidsred  significant  since  they  indicate  the  feasi¬ 
bility  of  isocyanate -cured  propellants  for  hi^h  temperature  use. 

K.  The  blocked  isocyanate,  p-onlnrophtnyl  N-phenylcarbamate,  was 
tested ' i*  a 11  reactant  for  butanol  in  thr  prewono*  if  advanced  oxidiierc ,  The 
blocking  agent,  p-oh  loro  phenol,  drops  off  at  6C’'C  and  reaction  of  the  butanol 
with  tha  iaooyanate  was  noted.  The  study  to  determine  the  variables  effecting 
the  reaction  of  blookod  iaooyanates  was  oontlnuad  with  screening  of  a  series 
of  ohlor.o-flubatUutad  phenols  end  trifluoroethanol  as  blocking  sgsnts.  The 
effect  of  tin  ouririg  oetalyet  on  the  reaction*  of  blocked  isocyanates  was 
investigated.  The  odnolheionr  were  mad*  that  the  technics  is  feaeibls  and 
.that  edrbamatea  which  diaeooiate  at  lower  temperatures  (30-ho°C)  would  be 
better  because  there  i»  soma  Inhibition  of  dissociation  by  th<‘  oxidiser. 


L.  A  redirection  of  the  program  has  been  made  with  two  main  objectives 
one,  the  rapid  utilization  of  the  current  technolopy  to  produce  and  test  a  pro- 

v»/%  1  1  nwf  i  !•»  *  W  t  *4  #1  a  f  v«  n  «<-»  A  f*  a  ao  An  nierl  +Mn  ♦  Ino  rl  m  rn  1  /a  a«m  ■  tn+  a  O 

rw  -A--*,...  «  w  ••  -A-  ..-A.NAW  WW,.TW.W.-«W  A  -..t,v ^  ~ - - -  .  W 

an  energetic  HAP'  propellant  utilizing  an  isocyanate  curing  system.  This  report 
precedes  the  redirection  effort  and  contains  only  a  few  of  the  results  obtained 
under  the  new  plan. 

IV.  TECHNICAL  DlbCULSION 


A.  TASK  ONE 

1.  Introduction 


As  a  result  of  discussions  with  Mr.  Robert  Corley  of  the 
Rocket  Propulsion  Laboratory,  a  redirection  of  this  task  has  been  instituted. 

The  objectives  are  to  convert  the  technology  developed  by  the  program  thus 
far  into  a  propellant  suitable  for  both  tactical  and  IC3M  motors.  This  in¬ 
volves  the  use  of  partially  saturated  prepolymers  to  achieve  adequate  low 
temperature  properties  and  chemical  stabilization  of  the  propellant  for  high 
temperature  application.  To  further  these  objectives,  Mr.  E.  Mastrolia  was 
assigned  direction  of  this  task.  The  program  he  will  implement  as  of  Maroh  1 
is  shown  in  detail  in  Figure  1.  The  data  reported  hare  do  not  as  yet  include 
results  obtained  under  Mr.  Maatrolia's  direction,  but  these  will  appear  in 
subsequent  reports. 

2.  Characterization  of  Ingredients 
a.  Antioxidant 

The  decision  to  utilize  partially  oaturated  prepolymsrs 
to  prepare  propellants  with  low  temperature  properties  adequate  for  tactical 
motors,  requires  knowledge  of  the  relative  oxidative  stability  of  unsaturatad, 
partially  saturated,  and  saturated  prepolymere.  The  Prepolymers  2li?AM-l6<?, 
3HPL-123,  and  3HPL-125  are  admirably  suitsd  for  such  a  study  since  their  degrees 
of  saturation  are  0,  60,  and  93)6,  respectively,  and  all  have  the  same  backbone 
structure  and  same  approximate  molecular  weight  (see  AFRPL-TR-68-9 ).  Since 
only  their  antioxidant  contents  were  in  doubt,  this  was  determined.  The  anti¬ 
oxidant  contents  of  a  related  pair  of  preDolymers,  2U2AM-175B  (0£  saturated) 
and  3HPL-90  (55$  saturated)  were  also  determined. 

The  determination  of  Antioxidant  22l»6  involved  compari¬ 
son  of  the  ultraviolet  spectrum  of  the  prepolymtr  in  a  basic  solvent  in  the 
region  275  to  UOO  with  that  of  a  standard  solution  of  the  antioxidant.  The 
band  peak  occurs  at  320  mu.  The  results  of  the  analyses  are  given  in  Table  I. 


ADVANCED  HYDROCARBON  BINDER  PROGRAM  MIIESTONE  SC 


A.  Complete  Telagen  S  Evaluation 

1.  Prepare  and  Test  8855  Solids  Propel¬ 
lants  with  LHT-2U0 

a.  Uniaxial  Tensile  Properties 

b.  Oxidative  Stability  (Hardness) 

c.  Thermal  Cycling  Characteristics 

2.  Compare  Oxidative  Stability  of  Propel¬ 
lants  Prepared  vdth  Saturated, 

Partially  Saturated  (55)5)  and  Uneatur- 
atad  Pro  polymers 

3.  Determine  effect  of  Bonding  Agent  Level 
in  8855  Solids  Propellents 

a.  OTI -Cured 

b.  LHT-2U0  Crosslinker 

U.  Evaluation  of  "Difunoti.onal1*  Telagen  S 

a.  End  Oroup  Analysis  and  Molsoular 
Weight 

b.  Prepare  std  Test  lOOg  Batohee  of 
88 %  Solids  Propellant 

0.  Prepare  and  Teet  1-lb  Batoh  of 
Optimum  Composition 

B.  Evaluation  of  Partially  Saturated  Prepolymere 
1.  Currently  Available  Prepolymere 

a.  Preliminary  Evaluation  Of  Oxidative 
Stability  of  Partially  Saturated 
Prepolymers  (180*P) 

(1)  Binders 

(2)  Propellants 

b.  Strain  Cylinder  Evaluation  of  8855 
Solids  Propellmte  {  1*>  and  20j(  Strain) 

(1)  Measure  Uniaxial  Tatielle  Properties 
between  -75  and  +180*F 

(2)  Threa  Cyole#  Between  +110*F  and  -7 5*F 

(3)  Three  Cyoles  Between  +\80*F  and  -7?*F 


HYDROCARBON  BINDER  PROGRAM  MILESTONE  SCHEDULE 


ADVANCED  HYDROCARBON  BINDER  PROGRAM  MILESTONE  SCHEDUII 


„  Fab 

Tank _ IT  i'i  la  25 


o.  Initial  Aging  Studies  with  885C 
Solids  Propellants  (180*F) 

d.  Conduot  Seal  oh  for  Techniques  to 
Stabilize  Selected  Propellants 
to  350*P 

(1)  Teat  Best  Stabilizers  developed 
for  Unsaturated  prepolynvers 
propellants 

(2)  Evaluation  of  Methods  which 
Immobilise  the  Urethane  Hydrogen 

Mew  Orders  of  Partially  Saturated  Pre- 
polyirers  ($5  and  70)1  Saturated) 

a.  Preliminary  Evaluation 

(1)  Analytical  Characterization 

(2)  Binder  Preparation  and  Tea  ting 

(3)  Oxidative  Stability  of  Bindara 

(Li)  Uniaxial  Tensile  Properties  of 
Propellants  (1-lb  mixes) 

b.  Demonstrate  Satisfactory  Propellant 
Processing  Ohsraoterlatios 

(1)  Determine  Effect  of  Polymeri¬ 
zation  (FsAA)  Level  and 

Pro oes sing  Tappers  Sure 

(2)  Evaluation  of  Alternative 
Oatalysts 

(3)  delect  Catalyst,  Oa-ttlyst  Level 
and  Processing  Temperature 

0.  Confirmation  of  Meohanloal  Behavior  of 
Propellents  Prepared  with  SeLsotsd 
Prepolymsr  (10-lb  mixes) 

(1)  Uniaxial  Tensile  Properties 

(2)  Strain  Cylinder  Evaluation 

d.  Review  Data  with  ATOPL  and  Jointly 
Bjleot  Pre polymer  for  Future  Work 


Week 


Mar  oh 

3  lG  17  2ii  31 
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w — rr — ’kw—  .... 

I  XU  Cl  £'J 
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n  x 


. -PTT4 

1C  ly  CLn 


<L 


0 


r  n lumAjn-taxjn  oxHur^n  rnuuroin  nuitjX'UNC,  aiJlt&mJtiC 


Week  Ending 
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0 

0 _ .0 
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0 


o 

0 

0 


0 


o 
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Figure  1  (oont.) 


ADVANCED  HYDROCARBON  BINDER  PuOQRAM  MIIJ 


Task 


a.  Confirm  Aging  Churaoteristios 
with  Selootad  Stabilizers 
(180*F  and  3^0*?) 

(1)  Bulk  Stability  ( Uniaxial 
Tensile  Measurements) 

(!>)  I'urfaofl  Stability  (Hardness 
and  Crosslink  Density) 

f .  Prepare  6o-lb  Mix  and  Conduot 
Detailed  Characterisation  of 
Propellant 

(1)  Prepare  60-lb  mix 
(?)  Mechanioul  Failure  Envelope 
(3)  Strain  Cylinder  Evaluation 
(I4)  Ponding  Properties 
(5)  Aging 

II.  HAP  Propellants 

A.  Telagen  9  and  Solid  leooyanatea 

1.  Iaooyenate  Type  end  Level 

2.  Evaluation  nf  dsleoted  Duoee  to 
tottend  Potlif# 

3.  Measure  77'P  Tar.alls  Propertiee  of 
fleleoted  Propellant 

B.  Telagen  9  and  Blocked  leooyanatea 

1.  Modal  Compound  Study  to  Select  Do  aired 
Itlook  and  Prrjpullant  Processing  am'. 

Cure  Temperature 

i.  Preparation  and  Evaluation  of  Praotioal 
Blocked  laooyanate  (di functional) 

3.  Evaluate  Seleoted  niookad  Isocyanate 
in  Bindare 

it.  Prepare  ird  Test  Solid*  Propellanta 
(50-100g  mixed) 

5.  floaleup  to  1-lb  Mixaa 

6.  Atfing  at  77 ’F  and  13i>'*F 


0 


0 

0 


nn  nYtwin«Rir>N  rtntifr  vr<y»rak  mtt.f.ktohf.  sr.HFntrc.F. 


Week  End! 


March 


April 


June 


Sept 
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Table  I 


ANTIOXIDANT  CONTENT  CF  TELAGEN  fREPOLTMERS 


Saturation,^ 

Antioxidant,  Ht?6 

2li2AM-l69 

0 

0.10 

3HPL  123 

60 

0.10 

3HPL-125 

93 

0,10 

PJU  2AM-175B 

0 

0.06 

3HPL-90 

55 

o.ol* 

b.  Polyisooyonates 

1) 

Mobay  11-246 

Mobay  E-2i*6,  a 

polyfunotlonai  aromatic  leooyanate 

vae  slowly  cooled  down  below  its  melting  point  to  about  10°F.  When  the  material 
was  allowed  to  return  slowly  to  room  temperature ,  eolld  and  liquid  phases 
appeared.  After  separation  and  analysis,  the  two  phases  gave  approximately 
the  same  equivalent  weight  by  the  dibutylamlne  method.  The  infrared  speotra 
(Figure  2)  showed  no  major  differences  in  ths  two  phases.  Moleoular  end 
equivalent  weights  for  E-2U6  as  reoeived  and  as  separated,  are  shown  in  Table  II. 

Table  II 

MOLECULAR  AND  EQUIVALENT  WEIGHT  OF  TREATED  AND 
UNTREATED  MQBAT  K-2U6 


Treated 


Untreated 

8oUd 

Liquid 

Equivalent  Wt, 

;j6 

131 

131 

M.W.  (VPO) 

366 

505 

364 

Functionality 

2,69 

3.86 

2.70 

2)  Upjohn  PAPI 

Upjohn  PAPI,  a  polyfunotlonai  nromatio  leooyanate, 
is  a  dark  liquid  with  a  VPO  moleoular  weight  of  Li28  and  equivalent  weight  of 
139.  The  functionality  is  3,08.  flinoe  visual  observation  showed  that  RAFI 
contained  oedimsnta,  attempts  were  made  to  separate  the  latter  and  obtain  e 


SPECTRUM 


pure  material,  Fifty  grams  of  PAPI  were  extracted  with  2  liters  of  a  mixture 
of  hexane  and  toluene  in  A  90  to  lfi  ral.ln.  After  the  *n1vnn+.«<  were  *vepor?-t“d, 
about  grama  of  straw  colored  product  were  obtained.  Its  equivalent  weight 
was  134.  The  VPG  molecular  weight  was  324}  functionality,  2.42.  Figure  3  shows 
the  infrared  ojjeuora  of  aa  received  and  the  extracted  portion  of  PAPI.  Inter¬ 
estingly,  the  spectrum  of  the  purified  PAPI  matches  that  of  E-246  (Figure  2). 

The  materials  must  be  very  similar. 

c.  Silioa  Qel  Chromatography 
1)  Experimental 

Fractionation  of  Prepolymer  148A  by  column  chroma¬ 
tography  was  performed  to  make  a  direct  comparison  between  the  saturated  and  un- 
satu' atea  profiles.  Prepolymer  148AH,  the  saturated  analog  of  Prepolymer  148A, 
hao  already  been  fractionated  at  Aerojet  and  at  Esso, 

Following  the  procedure  used  for  Pre polymers  148AH, 
15 8H,  and  161AHR,  two  grama  of  148A  were  fractionated  ty  passing  it  through  s 
7/8  inoh  diameter  oolurnn  packed  with  100  g  of  100-200  mesh  Si02.  Approximately 
1  liter  eaoh  of  CC1.  and  2  liters  of  CH.C1,  were  used  to  elute  th<  pre  polymer 
from  the  oolurnn,  ana  were  oolleoted  In  *Q-ml  fraotions  by  an  autometio  fraotion 
oolleotor.  The  solvents  were  evaporated  and  an  elution  profile  constructed 
(Figure  4). 

Unlike  the  previous  p re polymers  fraotionated,  the 
elution  profile  of  148A  shows  only  2  major  peaks.  The  samples  representing 
these  peaks  were  oombined  to  give  one  sample  for  eaoh  major  fraotion.  An 
infrared  speotrum  of  each  sample  woe  obtained  and  by  a  semi-quantitative  method, 
functional  group  content  was  determined.  The  first  fraotion  (approx,  3055  of 
the  total)  was  monofunotional,  and  the  seaond  fraotion  (approx.  7095  of  the 
total)  was  di functional.  Contrary  to  the  results  found  for  the  previously 
run  prepolymere,  there  ie  no  significant  amount  of  non-funotional  material 
in  148a.  Seemingly,  the  non-funotional  fraotion  ie  a  result  of  hydrogenation. 
The  monofunotional  material  is  the  result  of  the  polymorleation  process. 

These  results  may  lndioate  that  mono-funotional  content  is  a  oheraoterlstio 
of  tho  available  anionioaly  derived  prepolymere.  This  characteristic  is  not 
on  inherent  one,  i.a,,  with  rigorous  oontrol  of  prooeasing  methods,  a  signifi¬ 
cant  reduotion  in  t,he  amount  of  monofunotional  material  might  be  affeoted. 

Also,  while  these  results  were  obtained  for  a  hydroxy-terminated  prepolymer, 
a  similar  high  monofunotional  content  may  be  present  in  narboxy-termlnated 
prepolymere.  The  limitations  of  this  study  do  not  allow  an  estimate  of  the 
monofunotional  content  of  prepolymere  made  by  l'ree-radioal  polymers.  There 
is,  however,  little  reason  for  optimism  on  this  point  beoause  the  sensitivity 
of  freo-radioal  polymerisations  to  trace  impurities  and  to  chain-transfer 
reaotions  is  well  known. 


These  shortcomings  are  reason*  for  constant, 
intelligent  surveillance  of  these  materials  and  for  helpful  discussions  with 
manufacturers  to  facilitate  program  towards  improvement  of  materials.  His¬ 
torically,  steady  progrses  to  improved  propellant  ingredients  has  followed 
the  demand  for  such  ingredients. 
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Elution  Volume,  ml  _n_  figure  4 


2)  Preparative 

A  ohromatographic  column,  95  cm  long  and  10  cm 
disaster,  was  filled  to  a  depth  of  1*5  cm  with  2.5  lb  of  silica  gel  (Baker 
reagent  grade  powder  for  chromatography)  with  chloroform  as  the  liquid  phase. 

▲  solution  of  $0  grams  of  pre polymer  (1$8H)  in  50  grams  of  warm  carbon  tetra- 
ohloride  waa  added  slowly  to  the  top  of  the  column.  After  the  addition  of  the 
prepolymer  solution  was  complete,  development  of  the  column  was  made  with 
chloroform  at  a  rate  of  one  liter  per  hour.  The  difunctional  prepolymer  began 
to  elute  from  the  oolumn  after  6  to  6.5  liters  of  solvent  had  been  collected 
and  elution  was  completed  after  9.5  liters  had  been  collected.  An  unidentified 
carbonyl  containing  compound  was  a  luted  in  the  small  amount  of  materials  col- 
laotad  beyond  9*5  liters.  The  total  yiald  of  difunctional  prepolymer  from  11 
runs  waa  63  grama. 


Tha  functionalities  of  tha  fractions  were  deter¬ 
mined  from  tha  ratios  of  intensities  of  the  hydroxyl  band  (3330  cur')  to  thoae 
of  the  CH  bands  at  ll*60~l  and  1380  cm”1.  Pre polymer  158H  with  a  functionality 
of  1,68  waa  tha  standard  from  which  the  expseted  relative  intensities  for  a 
given  functionality  of  the  fractions  were  determined  (Table  III). 


RELATION  QP  RELATIVE  INTENSITIES  OF  INFRARED  BANDS 
TO  MONO-  AND  DI-FUNCTIONALITY  FOR  TOE  POLYMERS  158K 


SxDSOted  Relative  Intensities 

Functionality 

3330/11*0 

3330A380 

1 

0.212 

0.1*i*6 

2 

0.1*2$ 

0.895 

The  CH  band  at  29UO  om"  could  also  have  been  used  for  this  determination,  but 
it  la  so  intense  relative  to  the  OK  band  that  two  solutions  of  proper  concen¬ 
tration  would  hava  been  required  for  the  Perkin-Elmer  laboratory  instrument 
used  for  this  study.  By  this  method  the  functionality  of  the  separated  material 
waa  1.93  and  its  infrared  speotrun  is  shown  in  Figure  5* 


The  dlfunotlonal  prepolymer  which  was  separated 
waa  uaad  for  propellant  studies,  but  beoause  of  tha  small  amount  of  available 
material,  no  binders  were  made.  A'100-g  batoh  of  propellant  (88  vt%  solids, 

3f  IDP)  was  made  with  tha  material  using  an  HDI  to  CTI  ratio  of  3.0.  Tha 
properties  of  this  propellant  at  ambient  temperature  were  o  -  191*  pel,  «  - 
1$%,  and  S  ■  lUi9  pel.  Baaed  upon  these  results,  another  100-g  batoh  was  made 
at  an  HDI  to  CTI  ratio  of  5.0,  but  tha  propellant  did  not  oura. 


Tha  remaining  polymer  waa  then  used  to  prepare  a 
U00-g  batoh  at  an  HDI  to  CTI  ratio  of  3.5*  For  unknown  reasons  ths  modulus  of 
this  propellant  was  very  high.  The  properties  vers  o  ,  231  pel)  «  ,  7.14)  and 
a,  3620  pel  at  77 *F  and  ot,  966  pel j  «B,  3.6*j  and  E,  37300  pel  at,-75°F. 
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INFRARED  SPECTRUM  OF  FRACTIONATED  PREPOLYMER 
(Arrows  show  bands  used  for  calculating  functionality) 


Whether  difunotlonal  prspolymor  would  rnaulb  in  good  low  temperature  properties 
is  not  adequately  answered  by  this  experiment.  A  profallant  mane  from  conven¬ 
tional  Prepolymer  l£3H  with  a  modulus  of  about  3600  will  bo  tested  at  -75QF  and 
ihe  resulting  datpa  may  anew  a  BignUloant  oompariaon  for  determining  the  affect 
of  functionality  on  low  temperature  props rtiea. 

3#  Low  'tiRoeraiura  Binder  Properties 

Whili  experiments  were  made  to  assess  oure  oapability  at  room 
temperature,  the  eff  .c.t  of  primary  hydroxy  groups,  unaaturation,  and  replace¬ 
ment  of  CTI  by  QTHO  on  the  low  temperature  properties  of  binders  was  also 
investigated.  The  composition  and  mechanical  behavior  of  the  binders  are  given 
in  Table  IV. 


Tne  following  conclusions  were  drawn  from  the  data  in  Table 
IV. 

a.  Saturated,  primary  hydroxy  terminated  prepolymers  produce 
binders  vhloh  have  poor  low  temperature  properties. 

b.  The  replacement  of  CTI  by  QTRO  doss  not  improve  ths  low 
temperature  behavior  of  saturated  and  partially  saturated  binders  and  may  even 
make  ths  low  temperature  properties  worse, 

o.  As  has  been  Indicated  by  previous  experiments,  partially 
saturated  binders  have  better  low  temperature  properties  than  saturated  ones 
regardless  of  whether  CTI  or  OTRO  is  used  as  the  orosslinker, 

Heohanioal  properties  of  bindare  mads  with  SHPL-90  (55#  satu¬ 
rated,  eeoondaxy  OH)  and  2b:AH-168H  (saturatad,  primary  OH)  orosslinked  with 
CTI  and  OTRO  followed  the  ucual  pattern.  The  bindare  (Table  XV)  made  with 
2l*2AH-l60H  (Binder  262),  oroeelinked  with  CTI  and  tee  ted  et  -U0®F  gave  an 
initial  modulus  of  680  psi  oompared  to  110  pai  for  a  binder  made  with  3HPL-90 
(Binder  270).  Blmiler  binders  oroeelinked  with  OTRO  with  Pi'epolymer  2U2AM-16BH 
gave  an  initial  modulus  at  4*0*7  of  608  pai  (Bindar  266)  oomparod  to  88  psi  for 
Prepolymer  JHPL-90  (Binder  27b). 

Roan  temperature  ouree  were  obtained  with  both  saturated  and 
partially  unsaturated  pre polymers.  The  binders  with  the  saturated  prepolymsr, 
2l*2AN-l60H,  whioh  o out tine  primary  hydroxyl  groups,  were  oured  with  CTI  or 
QTRO  as  a  oroeslinker  at  77*7  within  six  days.  Binders  from  the  partially 
unaaturated  prepolymer,  3HPL-90,  with  secondary  hydroxyl  groups  oured  with  CTI 
at  a  slower  rate  (oonpare  Binders  262  and  270,  Table  IV)  than  ths  binders  made 
with  the  primary  hydroxy  •terminated  Prepolymer  2l*2AW-l60H.  Binders  27u  and  271 
with  3HPL-90,  oroeollnked  with  CTI  were  ton  soft  to  take  penotration  readings 
aftsr  6  days  at  77*7,  but  gave  good  ponetration  readings  within  12  days.  An 
adequate  cure  was  also  obtained  in  6  days  with  3HPL-90.  oroeelinked  with  CTI 
by  inoreMing  the  7eAA  concentration  from  0,0104  to  ,0o25  wt#  (oompare  peno¬ 
tration  readings  for  Binders  272  end  273  with  those  fc.*  270  and  271  in  Table 
IV),  Binders  oroeelinked  with  OTRO  and  containing  3HPL-90  (27h  to  277)  were 
too  soft  to  peralt  penetration  readings  after  six  days  at  77*F.  This  was 
sxpsotad  sinoe  OHO  oontains  highly  hindersd  ssoondary  hydroxyl  groups. 


Table  IV  j 

i 

compos  if  ioiJa  and  properties  (jf  tklaoen  s  bii 


fe  ranee 
No. 

Pro  polymer 

Crojs- 
1 inker 

HOI/OTI 

262 

2U2AM-168H 

on 

if. 00 

263 

2i|2AM-l68H 

CTI 

3.75 

266 

2U2AH-168H 

CTi 

3.50 

265 

2U2AM-168H 

CTI 

3.00 

266 

2U2AM-168H 

OTRO 

6,00to 

267 

2U2AM-168H 

OTRO 

3.75b 

268 

2U2AM-16QH 

OTRO 

3.50b 

269' 

262AM-168H 

OTRO 

3*00b 

270 

3HPL-90 

CTI 

U.po 

2/1 

3HPL-90 

CTI 

3.75 

272 

3HPL-90 

CTI 

3.50 

273 

,  3HPL-90 

CTI 

3.00 

27U 

3HPL-90 

OTP.O  . 

l».oo° 

275 

3HPL-90 

QTRO 

3.75b 

276 

3HPL-ru 

GTRO 

3.50° 

277 

3HPL-90 

QTRO 

3.00b 

Extent  of  Cure 
Punetratiori 
Reading  at  15  sec 

“TJavaiFTTT 
T - 15” 


Tuna 

Eo  ' 

-yr 

°F 

pal 

Kr/Cm 

Mi 

n 

21 

0.096 

H 

-6o 

680 

2 

12  J 

77 

29 

0.183 

Oil 

-Uo 

623 

3.7.  ■  =■. 

U 

■77 

3« 

0.273 

0.! 

3.1 
0.266' 
3.0  ; 


.888 

.903 

77  1 

19 

0.079 

.'-■■.oii 

-60 

808 

1.9 

11.6 

.898 

.907 

77 

19 

0.095 

0.1 

-6o 

765 

2.50 

iO.C 

.901 

.909 

77 

21 

0.101 

0.1 

-60 

590 

2,50 

9.C 

.887 

/  .890 

77 

2.5 

0.038 

0.1 

-6o 

"65 

2.7 

e.£ 

JS 

,890 

77 

11 

0.037. 

i 

-60 

110 

0.20 

0,7 

-i 

s»" 

.898 

77 

16 

0.66 

0.1 

-6o 

110 

2.95 

0,9 

.893 

.897 

77 

13 

0.065 

0.1 

-60 

88 

0.35 

.916 

.91? 

77 

.  -<k 

0,1/Hi 

0,1 

-6o 

93 

0.52 

0.6 

.860 

77 

8 

0.01 

o.oi 

••60 

88 

0.180 

0.7! 

0 

.865 

77 

9 

0.015 

0.0 

-60 

93 

0.25 

o.7: 

0 

— 

.885 

11 

13 

0.029 

0.0 

-60 

82 

0.25 

o.6: 

0 

.888 

77 

13 

0.033 

0.11 

-60 

110 

0.37 

o.6j 

aAll  binders  have  an  NOO/QH  ratio  of  1.00  and  255  IDP.  Binders 
“Prs  polymer  to  OTRO  ratio. 

°Too  soft  to  take  readings. 


262  througn  271  oontainsd  0. 
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Table  IV 


P.' 


^03 ITICW*  AND  PR0PBBTIE9  OF  TEUQEN  S  BINDER:1.  CURKH  ;VT  77°F 


At  of  Cura 
itration 

I  at  15  sec 

Mtohanica 

Te»p  V 
°F  pel 

l1  Properties 

Mooney -Rivlin 

Oa? 

Fraation 

Crosslink  Density  10* 

Ratio  of 
Meoli.  Prop. 

'aTTrF 

r — je 

Kg/ft*" 

Kg/Cta 

Gel 

Fraction 

Ji... 

Comply  a  al  on 
Modulus 

-1)0  to 

TT - ST" 

1  0 

.907 

7? 

21 

O.OJlj 

0.152 

.01)2 

o.5o 

0.9b 

0.70 

2U 

-1*0 

600 

2 

12 

;  .917 

77 

29 

0.103 

0.172 

.062 

1.20 

1.8 

1.25 

21 

22 

4(0 

623 

3.7 

5.6 

.916 

■77 

38 

0.273 

0.260 

.077 

1.80 

2.73 

1.09 

n 

IS 

4(0 

580 

3.1 

0.05 

1  .9,17- 

7: 

■ 

0.26U 

0,198 

.071 

1.50 

2.6U 

1.05 

13 

17 

•  • 

-l»c 

:  m> 

3.0 

6.6 

.903 

77 

19 

0.07/ 

0.13 i!i 

.037 

o.ho 

0.79 

0.66 

2U 

h3 

1  !  . 

-ho 

8o8 

1.9 

31.  k 

.907 

77 

19 

0.095 

0,128 

.01(3 

o.5o 

0.95 

0.96 

26 

ko 

4*0 

765 

2.50 

10.0 

;  .w 

77 

21 

0.101 

0.11(8 

.0)4: 

0,50 

1.01 

0.61 

25 

28 

J 

4*c; 

S9C 

2.50 

9.0 

■■  ,3yc> 

77 

35 

0,038 

o,.U3  ' 

.'4(2 

o,5o 

0.38 

o.5b 

73 

51 

4(0 

765 

2.7 

8.6 

.890 

77 

n 

0.037 

1,09 

.026 

0.20 

0.37 

o.ItU 

5 

10 

4b0 

119 

0,i  20 

0.72 

.690 

77 

16 

0.6J( 

O.llh 

.032 

0.30 

0.6U 

o.53 

,  5 

7 

-ho 

110 

2.95 

0,?0 

.097 

77 

13 

o.ol(5 

0.10 

.ol>5 

0.20 

0.L5 

0.31 

8 

■  7 

4(0 

88 

o.35 

0,6U 

|  .917. 

77 

2U 

0.10U 

0.106 

.'*6 

0.6U 

l.oh 

0.7U 

5 

u 

l 

4(0 

93 

0.52 

0.60 

'  .060 

77 

8 

0.01 

0,062 

0.100 

10 

11 

4(0 

08 

0.100 

0.75 

.065 

77 

9 

0.015 

0.069 

0.15 

■■  0 

17 

10 

4(0 

93 

0.25 

0.73 

.885 

77 

13 

0.029 

0.09b 

•  028 

0.25 

0.29 

0.36 

9 

6 

4(0 

62 

0.25 

0.62 

.888 

77 

13 

0.033 

o.ioh 

0.33 

8 

11 

i 

4(0 

110 

0.37 

0.69 

BP.  Binders  262  through  271  contained  O.OIOM  PeAAj  the  rest  had  0.06259. 
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A  more  sensitive  hardness  test,  to  determine  when  binders  have 
reached  a  steady  state  of  cure  was  evaluated.  A  thickness  gage,  consisting  of 
a  3-oz  weight  on  top  of  a  deflection  (.001")  gage,  attached  to  a  small  rod  with 
a  di3C  at  the  bottom  was  u.ied  to  get  penetration  readings  from  the  binder  samples. 
After  the  3-c~  weight  on  tlm  hau  been  leleaaed  for  ip  sec,  a  reading  was 

recorded.  After  these  readings  became  constant  for  several  days,  the  sample  was 
considered  cured. 


The  results  indicate  that  a  partially  saturated  prepolymer 
similar  to  3HPL-90  but  with  primary  hydrexy  groups  would  be  desirable  for  room 
temperature  cure.  The  crosslink  densities  obtained  from  the  Ct,  gel  fraction 
and  compression  modulus  indicate  that  Prepolymer  2ti2AM-l68H  gives  a  higher 
degree  of  crosslinking  than  does  3HPL-90  with  CTI  or  GTRO.  This  could  be  ex¬ 
plained  by  the  fact  that  168H  has  a  practical  functionality  of  1,96  compared 
to  1.90  for  3HPL-9G.  The  processing  properties  of  propellant  with  88%  solid  i 
at  room  temperature  would  also  ba  improved  if  the  prepolymer  having  primary 
hydroxyl  had  a  lower  viscosity,  similar  to  that  of  3HPL-90. 

U.  JiOw  Temperature  Propollant  Properties 

Ore  pound  batches  of  propellants  containing  Pre polymers 
2U2AM-169,  3HPL-123 *  and  3HPL-125  ware  prepared  with  CTI  and  HDI  for  araluati on 
of  low  temperature  properties.  Batches  10F-U881,  b882  and  1*883  (Table  V)  had 
mechaniaal  properties  that  followed  the  same  basic  pattern  of  previous  pre- 
polymers,  Batch  10P-UB81  with  3HPL-125  (95%  saturatad)  had  an  initial  modulus 
at  -75°F  of  1*1,500  psi,  oompared  to  15,900  pel  for  Prepolymer  3HFL-123  with 
60%  saturation.  Although  the  propellants  wsrs  erosalinkad  with  CTI,  previous 
results  indicate  that  the  low  temperature  properties  are  independent  of  th« 
typo  of  crceelinker  and  depend  mainly  on  the  degree  of  unsaturation. 

Propellant  oatohaa  containing  Prepolymer  3HPL-90  (51 4%  satu¬ 
rated)  linked  with  Mohay  E-2i*6  (batches  6,  7*  51*16)  gave  good  mschanioal  pro¬ 
perties  at  both  ??•  and  -75°F,  The  propellants  ware  oiured  by  a  method  which 
ensures  long  potlife.  The  method  developed  by  Dr.  Oberth  on  an  1R&D  program 
consists  of  the  incorporation  of  a  ouring  aid  in  the  propellant  system  with  an 
excess  oi  isocyanate,  These  propellants  ware  designed  so  that  the  FeAA- 
catelyecd  hydroxyl-isocyanate  reaction  is  essentially  completed  before  cross- 
linking  occurs.  These  particular  propellant  formulationa  contained  an  NCO/GH 
equivalents  ratio  of  1.25.  The  initial  modulus  of  this  system  ie  aooeptable, 
tut  could  be  lowered  by  increasing  the  HDI  to  E-2U6  ratio  or  by  deoraaslng  the 
total  equivalents  of  isocyanate ,  Those  results  indicate  that  Nobay  E-2I*6  is  a 
good  candidate  for  the  raplacamant  of  DTI, 

Props  Haute  prepared  for  an  Aerojet -Oeneral  IHAD  program  and 
containing  a  partially  saturated  prepolymer  and  the  oroeelinkar  IHT-2U0  haws 
shown  -75°F  elongations  of  30%  or  more.  This  crosslinker,  because  it  is  a 
polyether  triol  (molecular  weight  750),  was  not  ussd  with  hydrocarbon  prepoly¬ 
mers  on  this  program.  Table  VI  shows  the  ambient  and  1cm  temps ratuN  propartiaa 
of  propellants  made  with  this  crosslinker.  The  IHT-2isO  replaced  the  CTI  to 
maintain  the  crosslink  density  c 'vaster  t  end  the  HDI  was  adjusted  to  maintain 
the  NCO  to  CH  ratio  at  1,02, 
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Th«  properties  da  not  Indioate  &  nigniflnant.  Advantage  for 
the  HIT-240,  However,  eiice  the  propellant  properties  obtained  or.  the  IR&D 

ham  ha  an  nnn«^«fen+.1v  o*\ry\  fViv'+.h***  u«-.v4r  In  +.M  m  Aral  4  M  nir.A  JAarV. 

The  ftrMUlatione  developed  by  the  IPAD  group  differ  from  those  given  here  by 
using  TDI  instead  of  HDI  and  3 55  diootyl  sebaoate  Instead  of  25s  IDP, 

The  original  saturated  hydrocarbon  propellant  developed  on 
this  program  included  diethanolamlns  (DEA)  as  a  bonding  agsntf  but  the  uao  of 
tM»  material  mi  later  abandoned  because  it  was  ehown  to  lnorease  the  propel¬ 
lant  crosslink  density.  While  testa  of  other  bonding  agente  were  made,  0-1 
has  remainad  the  favored  cnej  the  work  to  date  has  bssn  mainly  with  0.1  wtjt  of 
this  bonding  agent.  Table  VII  indiaates  the  effect  of  increased  oonoentratione 
of  the  0-1  bonding  agent  on  tho  propellant  properties  at  -75“F. 


Table  VII 

EFFECT  OF  0-1  ON  MECHANICAL  PROPERTIES  CT 
7ARTIALIX  SATURATED  TELAOEN  FAOPILUNTS* 


Mtatoniad  RssasStoi 


Refers nos 
No. 

Q«1 

HSrOOMSS 

Shore  A 

tsjp 

V 

JMl 

Mi 

•a 

L 

•t 

L 

*0 

Ml 

Us  Mi® 

9 

.10 

•»9 

66 

77 

129 

117 

42 

50 

616 

-75 

704 

692 

9 

13 

14,784 

18 

,20 

62 

60 

77 

120 

no 

37 

42 

631 

-75 

719 

719 

9 

10 

13,82) 

19 

.30 

70 

55 

7? 

n 

65 

41 

4] 

371 

-75 

730 

719 

11 

16 

12,775 

b  ?7*r 


2k 


22 

314 


*A11  propellent*  oontain  flW  solids,  Pre  polymer  JHPL-90,  )  wtjt  IDP,  KAA,  fsAA, 
a  NOO/'K  ratio  of  1.02  and  wars  oursd  7  day*  at  135*F. 


Ths  low  temperature  meohanioal  proparties  show  in  improvement 
with  irreased  amounts  of  0-1,  Ths  rjsulte  art  somswhat  ambiguous  bsoausa  ths 
propellant  with  ths  bsst  low  te ape ravers  properties  also  showtd  ths  lowsst 
ambient  tsmperaturs  modulus  and  tensile  etrength,  Thsss  results,  however,  will 
be  used  in  guiding  ths  formulation  uf  future  propellants.  If  propellants  stalls 
at  temperatures  abovs  180°F  are  desired,  the  bonding  egont,  0-1,  will  huvs  to 
be  replaoed  a>  it  deoompoaes  at  high  temperatur* «  bonding  agerrta  suitable  for 
use  at  high  temparaturs  are  available. 

Data  in  Tails  V  fer  propellant  batoUes  1QP-492CR  and  492IR 
indict ts  that  no  improvement  in  mechanical  properties  at  low  temperature  was 
attained  when  C-l  was  rsplaotd  with  TKPAN.  T’ic  bonding  agent,  TIVAN,  has  an 
oqulvalont  weight  of  170, 
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;> .  Expect  of  Pro polymer  Saturation  on  Hinder  Aging 

Aging  studies  have  been  made  to  determine  the  el  t  act  or 
oxiu.itLva  cro.'islinkinp  on  binders  prepared  from  prepolymers  with  varioun  degrees 
of  unsttturaticn.  The  samples  were  aped  *>.+•  ftcPC  In  a  ni renin  hint*  air  atnoenhare 
ulong  with  control  sample.*  sealed  in  ampules  having  an  argon  atmosphere.  The 
samples  were  studied  by  a  micro-swelling  technique  to  determine  the  extent  of 
oxidative  effeots.  The  results  are  given  in  Table  Vill  arid  Figure  6. 

Thin  sections  were  microtome d  perpendicular  to  the  surface 
and  swollen.  The  samples  which  hardened  at  the  surface  swelled  very  little  at 
the  surface  and  more  as  the  distance  from  the  surface  increased.  The  hardened 
surface  bncume  bowed  and  none trained  the  swelling  of  binder  adjacent  to  it. 

Under  polarized  light  the  hardened  surface  was  birefringent  and  the  depth  of 
the  hardohnd  portion  could  be  easily  measured. 

The  surface  of  all  binders  (exoept  Binder  2bS )  hardened  after 
1*  weeks  storage  at  f)0°C  in  air.  Binder  2U*5  containing  3HPL-125  (93#  saturation) 
was  the  only  hinder  whoae  surface  could  be  swelled  With  toluene  after  Li  weeks 
In  air  at  0O°C,  Samples  atorsd  in  argon  exhibited  no  change  in  surface  hardness 
The  extent  of  tho  increase  in  the  hard  Surfaoe  caused  by  oxidative  orosslirklng 
of  the  double  bonds  Is  shown  in  figure  6. 

The  initial  data  indicated  that  surfeoe  hardening  may  be  more 
rapid  in  the  partially  saturated  binders.  Because  there  may  be  several  expla¬ 
nations  (loss  of  antioxidant  effectiveness  cn  hydrogenation,  effect  of  traces 
of  hydrogenation  catalysts);  the  ~ff*at  wee  examined  more  olosuly. 

After  eight  weeks,  samples  indicated  that  surface  hardening 
of  bindera  with  unAAturation  (Table  VIII  and  Figure  6)  was  continuing,  but  that 
the  differences  in  degree  of  hardening  between  the  samplee  decreased.  The 
uneaturatod  prepolymar  was  hardening  at  the  fastost  rate.  The  binder  prepared 
with  the  saturated  prepolymer  showed  no  surface  hardening, 

A  new  not  of  binders  for  agins  studies  wee  prepared  with  two 
eeta  of  unsaturatad  pm polymers  end  partially  saturated  prapolymare  obtained  by 
the  hydrogenation  of  the  uneui  united  cats.  Thus,  the  data  will  be  more  mean¬ 
ingful  by  comparing  prepnlymers  from  the  seme  polymerise  lion  (17UB,  OX  satu¬ 
rated,  with  JHPL-90,  51.il*  uutorated,  and  2U2AK-16S'#  Ch-  saturated,  with  3HPL-123, 
butt  saturated),  Thu  reaulte  of  nrw  week  aging  (see  Table  VIII)  essentially 
duplicate  the  reunite  found  in  the  first  experiment. 

The  data  obtained  are  extremely  critical  because  they  will 
ua aide  whether  partially  saturated  pre polymers  have  an  udvanU.p*  over  unsatu- 
ruted  |>r« polymers  with  reuMot  to  oxidative  oroeelinking,  Tho  samplee  under 
study  nt  thin  time  tojetharwlth  studies  of  prepolymere  with  nominally  70$ 
saturation,  whloh  ere  aleo  planned,  should  $.ve  a  better  answer  to  this  question 

h  t  Aging  .VtahlUty 

u.  High  Relative  Humidity,  lflo*F 

doth  partially  urri  completely  saturated  prspolymere  were 
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Table  VIII 
SWELLING  OF  AGED  TELAGEN  AND 


Swelling  by  1 
In 


lef. 

Ho. 

Pre  polymer 

% 

Sat  • 

HDl/ 

CTI 

?l*0R 

3HPL-90 

51* 

3.7  5 

2l*lR 

3HPL-90 

51* 

3.50 

2l*2R 

3HPL-90 

51* 

3.00 

21*5 

3HFL-125 

93 

3.50 

250 

3HPL-123 

60 

3.00 

252 

2h 2 AM-169 

0 

3.75 

253 

2U2AM-169 

0 

3.50 

251* 

2U2AM-169 

0 

3.00 

257 

3HPL-90 

51* 

2.00d 

240 

* 

3HPL-90 

51* 

3.00* 

236 

3HPL-90 

51* 

3.00 

209 

3HPL-123 

60 

3.00 

290 

2U2AM-169 

0 

3.00 

291 

171* -8 

0 

3.00 

Initial  Values 
Sur-  Can- 

face  surface  ter 


Sur-  Su  —  Gen- 
face2  surface  ter 


- 

- 

119 

- 

- 

- 

111 

- 

- 

108 

108 

- 

103 

- 

Ill* 

113 

113 

97 

- 

- 

77 

90 

m 

71* 

78 

89 

- 

98 

98 

98 

- 

89 

105 

«• 

- 

101* 

HI* 

•* 

111 

- 

no 

- 

87 

107 

102 

- 

96 

m 

100 

96 

108 

- 

Hi* 

•• 

98 

77 

CD 

CW 

m 

136 

«■ 

88 

116 

^Binders  have  NCO  to  OH  equivalent!  ratio  of  1,  25)t  JDP,  and  ,031#  FeAA,  They  were  ou 
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change  In  length  after  availing  In  toluene,  100 f'L  -  I  )/L, 
iWhen  value  not  given  there  wan  a  Lard  brittle  surface  layer 
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Table  VIII 


'■  AGED  TELAGEN  AND  TELACEN  S  BINDERS 


Swelling0  by  Toluene  After  Storage  at  flQBC 


In 

Air 

In  * 

nernn 

- 

!k 

wmmsx 

isiuna 

■imai 

■■bnafl 

Sur- 

TZSZ 

Cen- 

Sur- 

Can- 

Sur- 

fien- 

Sur- 

cen- 

Cfl  ter 

face0 

surface 

ter 

face0 

surface 

ter 

face0 

surface 

ter 

face 

ter 

119 

- 

- 

98 

- 

79 

107 

- 

91 

107 

92 

121 

111 

• 

- 

90 

99 

- 

95 

101 

- 

82 

95 

81* 

116 

;  l.,r; 

- 

- 

loa 

- 

89 

99 

- 

8li 

89 

102 

115 

i 

i 

\ 

Ill* 

112 

117 

120 

113 

100 

115 

118 

118 

120 

108 

[  97 

f 

- 

86 

92 

- 

81* 

95 

- 

96 

99 

122 

111 

i  90 

m 

83 

90 

* 

70 

91 

- 

78 

l/> 

CO 

115 

150 

CO 

- 

78 

95 

- 

65 

88 

- 

67 

81* 

118 

110 

[  98 

m 

83 

90 

m 

58 

8 k 

■» 

72 

01* 

111* 

112 

105 

- 

117 

123 

- 

105 

118 

- 

105 

10U 

a* 

- 

1  Uli 

• 

98 

116 

- 

67 

122 

- 

88 

115 

102 

120 

|  101 

f  96 

I  77 

[  116 

l. 

jAA,  They  were  oured  at  135°F  for  7  day*. 

^  not  swell, 
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used  to  prepare  propellants  containing  atabilizers.  The  saturated  prepolymer 
hosed  propallunto  showed  gciod  stability  at  ldtrjf  axoapt  wnon  exceptionally 
high  relative  humidities  (2£  to  SOfft )  ware  enoountered.  Thooa  relative  humidi- 
tiss  ars  unnatural ly  high,  but  pri-.p-n  *nt«  which  can  survive  than  would  be 
atabla  under  actual  moint  environments . 

Table  IX  shove  the  ambient  temperature  meahanioal  properties 
of  stabilised,  aged  propellantn  made  with  a  partially  saturated  prepolymer. 
Copper  (II)  showed  promise  ae  a  stabiliser  for  thaee  propellants.  Table  X 
gives  the  earns  type  of  data  for  a  saturated  hydrocarbon  propellant.  Again, 
copper  (II)  wae  good  although  oxidative  orossltnking  is  not  e  problem  for 
thsaa  propellants. 


The  propellants  were  in  the  form  of  Lnstron  haru  and  stored 
at  $Ojt  relative  humidity  at  180*7.  The  storage  time  was  short  for  this 
sorsening  tsst,  but  ths  best  atabilisors  will  bs  ussd  for  longsr  tsets. 

b.  350*r 

Exploratory  tasting  of  hydrooarbon,  iaooyanata-oursd 
propellant*  was  dona  to  deta rains  stability  at  350* F.  Dr,  A.  E,  Obarth  and 
other  Aerojet  workers  on  an  DlfaD  program  have  dona  experiment!  whioh  indloata 
that  stability  at  350*7  is  attainable  with  ieooyanato-oured  propellants.  Un- 
saturated  and  partially  saturated  ora polymers  were  used  in  the  propellants 
whioh  ware  plaoed  in  an  oven  at  350*7  for  a  2  hour  period.  No  special  oxidiser 
wae  used  for  then  teste,  Ths  sample  wae  «n  Xnatron  bar.  The  results  are 
shown  in  Table  XI, 

Ths  general  behavior  of  the  props Usnte  wae  to  harden, 
maty  to  tha  point  of  brittleness,  Thia  wao  not  entirely  expected  sinoe 
urethanes  reportedly  decompose  at  high  temperature.  Tha  decomposition  ol'  the 
urethane  was  not  a  problem,  Tha  oopper  (II)  stabilised  propellante  looked 
ths  blit  whan  examined  visually  after  aging,  This  is  indioated  also  toy  the 
data  in  Table  XI,  All  samples  showed  signs  of  swelling,  although  in  some 
outs  only  vary  ilitfitly,  Ths  swelling  oould  arid  from  decomposition  of 
NN401Q4i  evaporation  of  IDF,  nr  decomposition  of  tne  0-1 , 

Wills  these  experiments  wen  only  initial  attempts,  they 
were  snoouraging,  Tha  data  will  be  used  fur  planning  future  experiments  in 
high  temperature  stabilisation, 

b.  TASK  TWO 

1.  Introduction 

Dliouesiona  with  Mr,  Uorley  of  the  Rooket  Propulsion  laboratory 
resulted  in  ohangas  in  the  objeotivae  of  Task  Two,  Tha  ourrsnt  objeotivee  are 
the  development  of  an  snsrgstio  laooyauats-durad  HAP  propellant  by  two  approaches 
Ons  approach  involves  the  use  of  blooksd  iuooysnttss  as  our ini  agents  and  the 
other,  the  use  of  low  melting, solid  isocyanates,  This  task  will  bs  dirsotsd 
by  A.  J,  Di  Milo.  Ths  program  schedule  is  shown  in  Figure  1,  Soma  work  with 
HDP  (dons  before  the  above  disouauions)  is  reported. 
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L  propellant  contain  9&  solids,  31  PL-90,  3  vt£  I3P,  HAA,  ?aAA,  Kith  <m  KCO/OK  ratio 
1*02  and  vara  cared  7  days  at  135*?.  All  acre  aged  as  Iostron  bare  at  5C&  relatlrr 
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CF  STABmzeS  OK  HIGH  TiMfSOTtKB  (350^F )  AC  DC  OF  HUE  OC  ARB  ON  HiOFELLAHTS 


i «  Approach 


Tlwi  nt  t.h«  nnmiat.j  hi]  i  t.y  nf  i*rlv«n«mrl  f  it*1  a  *nH  n»i- 

ditsrs  with  binder  components  were  limited  to  the  study  of  HAP  end  lsooyanata- 
oured  prepolyswrs,  The  prepolywere  were  limited  to  primary  tydroxy-tsminatmd 
ones  since  HA?  causes  dehydration  of  secondary  hydroxyl -groups*  Beoauea  ino- 
oyanate  reacts  rapidly  with  secondary  alcohols  and  even  faster  with  primary 
alcohols  (in  the  presence  of  HAP)  the  ratu  of  reaction  must  be  deoreaaed  to 
Allow  sufficient  pot  life  for  propellant  preparation.  At.  present  two  possible 
methods  l'or  inoreaein*  pot  life  are  beini;  investigated,  (a)  the  uae  of  low 
melting  isocyanates  end  (b)  blooked  iaooyanatse,  whloh  after  propellent  mixing, 
casting  and  heating  to  a  suitab.la  temperatura,  will  rauot  with  tha  prepolymer 
for  the  cure  process.  The  blocked  ieooyamtes  under  current  Investigation 
disaooiate  to  sufficient  degree  at  about  60*0  with  or  without  <>  oatalyet, 

3.  Blocked  laooyanates 

Oevelopmnt  of  a  owing  aye  tea  for  advanced  oxidlsers  has  hetn 
mainly  oantsred  on  a  urethane  cross link,  be o a uae  iiooyanatea  are  relatively 
frae  of  side  reactions  in  the  praaanoa  of  oxidiaars.  The  main  problem  has  beev 
concerned  with  deoreaalng  the  rate  of  reaotlon  betwean  the  alcohol  and  iaooyanate 
to  a  point  where  a  reasonable  pot  life  ie  attained  in  the  prtaenoa  of  tits  oxi- 
diteria  The  rate  of  reaotlon  hae  basn  reduoed  through  the  uae  of  a  low  malting 
•olid  iaooyanate,  Casvinata  12SM.  With  this  iaooyanate,  owing  la  aooompllehed 
at  a  temperature  above  the  melting  point  of  tha  solid  isocyanate.  Another 
technique  for  obtaining  a  alow  owe  la  the  alow  release  of  one  of  the  reaotante 
from  an  inactive  form,  Thle  technique  la  preferable  to  the  ui<i  of  low  melting 
solid*  materials  elnoe  the  reactant  la  introduced  into  tha  raaotion  medium  at 
a  controllable  rate.  Recent  studies  have  been  ooncemed  with  blooked  leocyanatea 
whloh  undergo  thermal  dieaoolatlon. 

Model  studies  were  made  with  phenyl  isocyanate  blocked  with 
jf-chlorophenol  and  lte  reaotlon  with  n-butyl  aloohol  in  tha  praeenou  of  varioue 
oxidise  re  end  a  oatalyet,  T-30(tln-auXfUr  compound) .  After  10  howi  at  33*0, 
tha  reaotlon  woe  too  alow  to  mnaauro  unites  the  oatalyet  T-20  wae  present. 

At  00*0  the  reaction  in  the  prosenee  of  KDP  van  too  fait  and  considerable 
daeompoeltlon  of  tha  oxldieer  wae  observed.  The  initial  etudlea  (Table  XII) 
Indloatad  that  HOP  may  be  a  oatalyet  for  the  dissociation  of  ths  blooked  iso- 
oyanate  and  that  T-20  alsr  was  effective  in  this  tegard.  An  inoreass  In  temper¬ 
ature  frost  >3*0  to  60*0  also  had  a  pronounoad  affeot  on  ths  dissociation  of  ths 
bloaktd  urethane,  Ths  formation  of  n-butyl  N-phenyloarbamata,  even  though  at 
a  very  slow  rate,  lndioated  that  the  blooked  urethane  la  potentially  useful  as 
a  aouroe  of  isocyanate  for  the  wsthsne  aura  syetem  for  advanced  orldlssrs. 

The  study  wae  oonblnued  to  find  more  active  blocking  jroupe 
and  the  affeot  of  added  catalysts.  Nodal  studies  wars  made  of  b.looked  ptienyl 
iaooyanate  and  its  reaotlon  with  n-eusyl  aloohol.  The  bloaking  groups  investi¬ 
gated  were  2,2,2-trifluoroethanol,  U-ohloro-,  3,i<-dioltloro-,  2,L6-triohloro, 
and  2-chloro-li-nitrophenol.  The  oatelysti  investigated  were  T-20,  a  uulfw 
containing  tin  oompound,  and  bis-(tri-n-butyltin)oxlds  (TBT0). 
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Tabla  XII 


THE  REACTION  OK  p-(H  LORO  PHENYL  N-lHENYLCARBAMATi£  WITH 
n-R'»TANOL  IN  THE „ PRESENT  O?’  VARIOUS  OXIDIZERS  AND 
WITH  T-201  AT  2J  and  60° C  FOR  1?  .NHS 


ri-Butyl  N-Phanyl- 


Oxidlaar 

Tamp 

°0 

Oatalyat 

aarbamata, 

%  formad 

AP 

23 

T-20 

HAPb 

23 

T-20 

7 

HPP 

23 

T-20 

13 

AP 

6n 

nona 

2 

NAP 

60 

nona 

1 

HOP 

60 

nona 

28 

non* 

60 

T-20 

10 

AP 

60 

T-20 

13 

NAP 

60 

T-20 

9 

NDP 

60 

T-20 

26 

^Tin-iuUvir  oonpound, 

°HAP  mu  impura  NOB  material. 

Tha  oatalyat  atudlaa  (Tabla  XIII)  indieattd  that  T-20  at 
0.51  by  Might  of  organlo  oomponanta  wu  a  nightly  battar  oatalyat  for  tha 
dlaaooiatlon  of  2,li,6«triohlorophanyl  N-pahnyloarbamat#  than  bla-(tri-n- 
butyltln)oxLda.  Svidantly,.  tha  praaanoa  of  HAP  althar  roduoad  tha  affaotlva- 
naaa  of  tha  oatalyat  or  hlndarad  tha  daalrad  raaotxon  in  eona  othar  Mannar. 

Largar  anounta  of  oatalyat  (T-20)  lnoraaaad  tha  mount  of 
raaotlon  only  ollantiy,  but  not  proporUonata  to  tha  forty  fold  lnoraaaa  of 
oatalyat  (Tania  XXV).  Apparently  thamal  dlaaoolatlon  of  tha  blookad  urathanaa 
waa  inhlUitad  by  tha  praaanoa  of  HAP  (Tabla  XXX). 

A  oompariaon  of  tha  bloohad  laooyanataa  (Tabla  XVI)  ahowad 
that  tha  2,14-diohloro* ,  J-ohloro-lj. nitre-,  and  2,1 ,6-trionlorophanyl  darlva- 
tivaa  raaut  more  raadlly  than  tha  2,2, 2-tririuoroathyl  or  tha  It-chlorophany) 
dartvMtlva.  flinoa  tha  initial  atudiaft  did  not  Indicate  any  great  diffaranoaa 
in  tha  dagraa  of  reaotivlty  ba twain  tha  di-  and  trl-aubatltutad  phanyl  darlva- 
tlmaa ,  di  and  trl -functional  laooyanataa  will  bt  blookad  with  2,1,6-triohloro- 
phtnol  baoauaa  of  lta  lowar  ooat. 
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Tabla  XIII 


ClAT  ArVTTf'.  AHTTUTTY  QjFP  T-Jn  AJdt)  TWTn  TM  H'WR 

2#Ui6-TRICULOROPHENYL  N-H1ENYLCARBAMATE  WITH 
IN  BENZENE  AT  60°08 


P_RA(TPTnW  ,1R 

n-AMYL  AICOHUL 


Catalyst 

Qxidiaer 

T-20 

nor* 

T-20 

HAP 

TBTO 

nona 

TBTO 

HAP 

Reactants 

oonc.,  0.5M j 

whan  uaad. 

n-Ainyl  Aloohol 
%  remaining  altar  ?it  hr 

Hi.  7 

61.5 

23.6 
65.0 


0.5X  oat-alyatj  and  2056  HAP, 


Tublt  XIV 

EFFECT  OF  T-20  CONCENTRATION  ON  THE  REACTION  CP 
2  ,4-DICH  LCROWENY L  N -FHENY LCAPBAMATE  WITH  n-AMYL 
ALCOHOL  IN  BENZENE  IN  THE  PRESENCE  <F  HAP  AT  60°0 


T-20 

n-Amyl  Aloohol 

% 

%  remaining  after  1  hr 

0.5 

91 

3.0 

80 

20.0 

71 

*Raactanta  oono. ,  0,5Mj  20Jt  HAP. 


Tha  work  to  data  with  blookad  iaooyanataa  haa  lad  to  tha 
following  oonoluaiona. 

a.  Whila  nuoh  ramaina  to  ba  laarnad  (for  axampla,  what 
happana  to  tha  allmlnatad  block  In  a  propallont  ayatam?),  tha  nathod  haa 
faaalbillty. 


b.  Slnoa  HAP  haa  an  Inhibiting  affaot  on  tha  diaaooiatlon 
of  oarbajnataa,  nora  aotiva  blocking  aganta  (diaaooiatlon  at  lowar  tamparatura, 
oalow  U0°0)  ara  daairabla. 

o.  combination*  of  anally  diaaoolatad  oarbamataa  and  iao- 
oyanataa  nay  work  battar  than  tha  curbamataa  alona. 
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OOMI'OIINDO  WITH  u-AMYI,  AlCollUL  AT  6o°C  IN  DllNZENiO 


Time , 

n-Amyl  Alcohol 

llloohwd  Croup 

Uatalynt 

Oxidizer 

hours 

%  remaining 

4-Uhloroplienol 

none 

none 

1(1 

% 

nona 

HAP 

18 

97 

none 

none 

264 

95 

9f» 

none 

HAP 

26!, 

T-;»o 

HAP 

ill 

90 

2 ,4-blohloropha  nol 

non* 

nona 

68 

34 

T-20 

nona 

68 

25 

nona 

HAP 

6ft 

90 

T-20 

HAP 

6fl 

51 

2 ,4 ,6-Triohlorophanol 

nona 

nont 

6ft 

72 

T-20 

nona 

6ft 

16 

nona 

HAP 

6ft 

97 

T-20 

HAP 

66 

44 

2-0hloro-4-Nitrophanol 

nona 

nona 

66 

3) 

T-20 

non# 

68 

9 

non# 

HAP 

60 

97 

T-20 

HAP 

68 

51 

2,2,2-Trii’luoroothanol 

T-20 

nona 

3 

72 

T-20 

HAP 

3 

81 

T-20 

nona 

72 

66 

T-20 

HAP 

72 

76 

4.  Pro  pa  lion  ta 

Propallanta  containing  HAP  <te  an 

ox id i at r 

wt ra  praparad  with 

varioua  ratioa  of  Carwinata  12SM  (u  lov  malting  »olid  diiaooyanatt )  and  £-246 
at  an  62%  acUda  and  13%  plaal.ioittr  laval  in  ordar  to  obtain  ourinfj  and 
oaatability  data,  Ail  tha  mixta  w«ra  dry  and  non#  aurad  aftar  It  daya  at 
40CU.  A  batch  with  only  £-246  aa  a  aurinp  «r»nt  did  oura  at  thia  tamparatur# 
but  tha  caatabiLthy  waa  pour,  Tha  proparbia*  «r  tha  propallant  w*ra  o  .  20 
pai|  a,  30  paij  21%  )  16%  |  K  ,  ft  pal,  Watt  in*  aronta  auoh  aa  laoithln 

and  N,N-diphaitylnraa  did  not  improve  Baa  Utility,  Purified  lf-246  wa«  unad. 

Whan  purified,  tha  functionality  of  th*  £-246  may  not  ba  hi*h  though,  lln- 
traatad  £-246  will  ba  unad, 

lii-246  blocked  with  2,4-diohlorophanoi  aa  a  curative  gave  a 
propallant  with  good  ouat ability  but  al'tar  6  dayn  at  60*0,  had  not  ourad. 
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As  indicated  by  model  aompnunl  otudloo  the  int.flrfnr«na«  of  MAI-  with  the  dtn- 
ooolation  of  the  aarbamate  in  tin  probable  cause  for  the  lack  of  cure  in  this 

pa  a 


Mora  •tudiae  ar*  naadad,  especially  with  NH.G1Q.  to  eetablieh 
a  control  i  tr  thia  type  of  ouring  system, 

0.  TASK  FOUR 

1,  Introduction 

Taak  Four  involve#  the  aging  of  propolianta  prepared  undar 
Taaka  One  anu  Two,  It  further  inoludai  the  tasting  at  35ouF  for  salaotad 
Taak  die  propallanta  and  the  temperature  oyullng  of  projmllanta  made  with  a 
CTI  replacement, 

2,  Ocnventlonal  Rropellenti 

The  acing  of  conventional  propall ante  haa  been  etopped 
beoauee  no  further  ueeful  information  wee  being  generated.  New  propellante 
will  be  plaued  in  aging  ee  they  are  prepared, 

3,  Advanced  Propellante 

The  adveneed  propellant  a ample 9  have  been  etored  at  80 •) 
over  Drier! te  (OR  relative  humidity)  and  at  30K  relative  humidity  for  up  to 
lit  montht,  Teble  XVII, 


Tibi*  mi 

AO  I  NO  Cf  TILAOIN  S  FROKLLANTI  COMAININO  ADVANCED  FUEL! 


Fuel 

Storage 

time, 

monthe 

Me 

Xk 

LMH-2 

111 

UGM 

fl 

.  MstouuJim  A _ 

auu 

7U  7?  76 

68  7 $  70 

M  'J9  57 


The  propellante  exhibit  little  change  in  Shore  A  herdnaan. 
The  UIH  oontaining  propellante  ehow  a  ellghtly  larger  increase  in  hardneea 
than  the  Me  propellent, 
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ii.  laoNiaaiNa  wniTAav  Attiviry 

Air  Poroa  Rookot  Propulaion  Labor  **ory 
Raaaaroh  and  Taohnology  Operation# 


ii  *aiTa*«T 


r  ror-na  ayatama  coma 
Unitad  Mutaa  Air  Poroa 


Tha  atudy  of  aaturatad  prapolymara  aa  propollant  bindar  inirodiants  waa 
oontarad  predominantly  on  partially  (3O*0O#)  aaturatad  prapolymara,  Tha  partially 
aaturatad  propollanta  ahowad  a  thraafold  improvamant  of  propartiaa  nt  *7J*T,  Tha 
typo  of  oroaalinkar,  QTX,  QTRO,  or  LHT«Bl*o,  did  not  affaot  tha  proportiaa  in  a 
major  faahion,  Tha  atudy  of  tha  !XT»2liO  whioh  improvad  tfcu  low  tamparatura  pro* 

Krtiaa  of  partially  aaturatad  propaillanta  mada  on  an  UMA  profram  la  oontinulni, 
aauaa  mo^a  amphaaia  waa  bain*  plaoad  on  partially  aaturatad  pmpolymara,  tha  oxi* 
dat<va  aurfaot  hardanin*  of  bindora  mada  ’fith  aaturatad.  partially  aaturatad,  and 
unaaturatad  prapolymara  waa  invaatliatad.  Tha  aaturatad  bindara  ahowad  no  aurfaoa 
hardanlni  aftar  aight  waaka  at  00*6,  Initially,  tha  partially  aaturatad  bindar 
hardanad  mora  rapidly  than  tha  unaaturatad  ona,  hut  tha  dirfaranoa  dworaaaad  with 
lima.  Aftar  aight  waaka  tha  luisuturatod  hindar  waa  hardening  mora  rapidly,  Pro* 
pallant  atabillty  waa  graatly  improvad  by  a  noppar  (II)  additiva  and  tha  it aaiblU 
of  iaooyunata-ourad  propallanta  for  vary  high  tamporatura  uaa  wo a  damonatratad, 

Tha  uaa  of  blookad  laooyanataa  aa  oura  aganta  for  prorollanta  with  advanoad 
oxidiaora  waa  atudiad  in  modal  ayatama,  Uarbamataa  whioh  diaaooiata  at  60*0  to 
produoa  iaoryanata  wart  taatid  in  tha  praaanoa  of  oxidiaara,  Tin  oatalyata  halp 
and  oxidi*<mi  inhibit  tha  oura  raaotlon,  Oarbamataa  with  dlaioolation  lamparaturot 
of  30*  to  1*0*0  ara  daairabla, 
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Maohanioal  f^opartiaa 
SllloA  Oal  Ohromatography  of  Taiagan  3 
Compatibility  Studio*  with  HAP  and  HDP 
Blookad  Iaooyanataa  aa  Curing  Aganta 
Aging  of  Hydrooarbon  Propellant* 
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aetata*. 


i  HHWNT  DATS,  lata*  the  gala  at  Um  tawl  aa  lay. 
•aMK.  yean  m  auaah.  yean  I  mm#  I  haa  aai  kata  appeara 
aa  IM  t watt,  aaa  aaia  a)  pehlMam* 
la  TOTAL  MVMBRR  Of  NAOMi  The  latai  aaga  »mm 
aheytk  htllew  aatmal  teal  Milan  ytaeakuteei  la.,  tMat  Um 
mimm  a  I  yaiee  arMtlnla*  lantmailaa 

Ik,  NVMDHH  OF  HIFRARNOiO  Halar  Um  fetal  m«h«  at 
refartnaat  altnk  In  *ha  rwart, 

I*  CONTRACT  OH  ONAHT  NUMNiRi  l«  •aptae'latt,  mm 
lha  tapllaahla  ntahat  *1  lha  aanuaal  ar  pant  enatr  whlah 
lha  layaA  waa  wlllaa 

Ui  la.  k  M.  MOjBCT  HVMHRIh  Mat  tht  wattpilMt 
ailllaty  aayaftaMai  Ikaniifttniltn,  aaah  aa  prtlett  nwahat, 
tufcpfajapi  Makat,  ayaiaa  mahtta ,  laah  taaMtt.  ata 

•a,  ORIQINAION1*  MfNONT  IM*  lha  afg. 

alt)  itptM  Miahar  hy  vklat  Ina  katuatM  will  ha  IkaMUIek 
•Ml  neatralieh  hy  lha  MlaiaMlaa  eatlrliy.  Tala  aaathat  anal 
ho  nniaan  la  Ihla  retwt. 


tala  at  Um  nywi  aa  wy< 
atte  lhaa  ana  aala  appaara 
alia  a 


»l  QTHRN  NHRONT  NUMHfmyn  It  lha  Mta  haa  haan 
ataianak  any  alhat  type*  neaMiwt  farther  ly  the  •rlgfneter 
at  hr  lha  apanatti  nlta  anlar  Ihla  weahtrfil, 

10.  AVAU.AHIUTV/UMITAT10U  NOTIUIM  flaler  any  liar 
llailana  an  lurthar  klttaalaatlan  tf  lha  rapat,  alhtr  lhaa  lhaaa 


w^iUj  hy  aamiflly  alaaaUlaaitna,  eatn*  ainiMirk  aialaaiania 

(I)  "QeklWIak  ra^gifiata  My  aklaln  tapiar  al  Ihla 

(t)  "Paratga  aNMUMtaaai  and  Maafalnailaa  at  ihla 
rapaft  hy  DM  la  mi  aethariaa*  " 

(A  "U  1  OevaMMtM  aaannlaa  air  aktala  aaalaa  el 
Ihla  Naan  dlraauy  Mai  DM.  dihat  wallAah  DOC 
aaara  I  hall  rawaat  Ihraugh 


•halt  reontei  ihraaah 


a  al  Ihla 
uaaia 


(II  "All  Olairlhirtlan  tf  ihla  rapt'l  >■  aaaUalla*  Qual 
lllaa  DM  waan  thall  itaua  \  ihraath 


II  ina  man  haa  haan  Ittnlahatl  it  lha  Olftaa  al  Taahniaal 
•atrltti.  DaptriatM  al  flatan ataa,  har  aala  la  lha  auhlla.  In«»> 
•Me  ihla  laal  aMi  «Mtr  lha  krlaa.  II  hnawm 

»U  IUPPLMVMTARY  NOT  Mi  Vaa  tat  aaililanal  avlant' 
May  Miati 

ID  MOMDMIMO  MUTANT  AOTtVITVi  Datar  lha  mm  at 
lha  kauartMaatal  tra*eel  alAaa  at  (akaralaty  apaatarkna  rkar 
ln|  t*-)  lha  taaaatah  an4  Oatalayaiaiiii  IntUat  aMaak 


U  AMTRAPTi  BaMr  aa  ahaliaai  MtUia  a  hitaf  and  .aahial 
twtMty  at  lha  «eawaeet  Mlttlkta  at  the  taantt,  ««an  ihau|h 
ll  may  alia  ataatf  alaawhara  In  lha  hady  at  IM  lathnlaal  ta- 

Cil.  It  aMiUaaal  apt**  la  rawliak.  •  ••nllnaailan  ah**t  thall 
aiiatkaa. 


ll  la  hi#<l»  kaalrahla  lha)  iht  akaiNti  al  alataltlaa  rayaMa 
ka  ana laatltlte  Data  aetaarepn  tl  lha  abaitatl  thall  tak  nlm 
an  ImUimi  an  a|  lha  Milllaty  tatarlty  alattlnaaiiaa  al  lha  In 
(•Mtllan  In  lha  ptra|tapk.  rapraataiak  aa  trtl,  <»>,  f t),  arf V) 

lhaia  la  aa  UnUailen  in  lha  Uaaih  at  lha  ahaliaai  Ntw> 
•tat,  wa  antitaitk  lat|th  It  Inm  1 10  la  III  wtnit. 

I*  muv  VOMM'  Hay  w>  ika  art  leahaitallr  Mean 


aa,  ank  wal|hia  la  ayliMtl 


era  •itnii 


UtMLAHllimCD _ 

nCutHy  Cltaalflaalloti 


